Two field trials were conducted in 2016/2017 and 2017/2018 seasons at Mallawy Agric. Res., Station, (latitude of 28 Ο N, longitude of 30 Ο E and altitude of 49 m above sea level), El-Minia Governorate, Egypt, to study the effect of two harvest ages (180 and 210 days after sowing), on yield and quality of eight sugar beet varieties (Steel, Pyramide, Kosmas, Lammia, Belino, Amelie, Drena, and Beta 398). A randomized complete block design (RCBD) was used, in a split plot arrangement and replicated three times. The mainplots were devoted for harvest ages, while the evaluated sugar beet varieties were randomly sown in the sub plots, in both seasons. The results revealed that: 1. Harvest age exhibited a significant effect on all studied traits in both seasons. Beets harvested at older age (210 days after sowing) surpassed those harvested earlier (180 days after sowing) in all traits in both seasons, except loss in sugar yield/fed and α-amino-N%. 2. The tested sugar beet varieties varied significantly in all studied traits in both seasons. Beta 398variety recorded the best values of root, top, and sugar yields/ fed, in both seasons. The best values of sucrose %, loss in sugar/fed and sugar recovery % were obtained by Drena variety in both seasons. Lammia variety recorded the highest values of α-amino-N %, while the highest value of alkalinity coefficient was obtained by Kosmas variety, in both seasons. Planting Beta 398 sugar beet variety and harvesting it after180 or 210 days from sowing could be concluded get the highest productivity and quality of sugar beet under conditions of Minia Governorate.
INTRODUCTION
Sugar beet (Beta vulgaris var. saccharifera, L.) ranks the first important sugar crops in Egypt, producing about 57% of sugar production 2016/2017 season * . In Egypt, it could be cultivated widely in newly reclaimed sandy soils at the northern or southern area of Egypt, without competition with other winter crops due to its tolerance to salinity and ability to produce high sugar yield under saline conditions and limited water requirements in comparison to the other traditional winter crops.
Plant age at harvest is one of the factors affecting yield and quality of sugar beet crop. Delaying harvest enhanced root yield, sugar and extractable sugar content, where Marlander (1992) ; Lauer (1995) and Brown (1997) reported that delaying sugar beet harvest till the end of autumn leads to decreases in sugar beet root and sugar yields, sucrose percentage and white sugar content. Jaggard and Scott (1999) suggested that later harvest dates for sugar beet result in greater sugar yield under no rainfall and cold weather. Kerr and Leaman (1997) showed that the yield was increased from the first till to last harvest date. Abo El -Magd, et al. (2003) and Shalaby, et al. (2011) found that delaying harvesting dates from 180 to 210 days from sowing significantly increased sucrose%, as well as root and sugar yields/fed in both seasons and significant decrease of Na, K and N%, harvest dates at 195 days after sowing gave the highest values. Aly (2006) showed that root and sugar yields/fed were positively increased by delaying harvest dates from 170, 190 to 210 days after sowing. On the contrary, early harvest date (170 day after sowing) gave the highest mean values of Na and K%. Azzazy, et al. (2007) and El-Sheikh, et al. (2009) harvested sugar beet varieties at 210 days after sowing and reported significant effect on root weight, sucrose%, impurities, i.e. Na% and K%, as well as root and sugar yields / fed, compared with beets harvested at 180 and/or 195 days after sowing.
*Annual report of sugar crops council, Jan 2016 Mahmoud, et al. (2008) , Yousef and Abdel-Mottaleb (2009) and Enan, et al. (2011) reported that the highest sucrose%, juice quality, as well as root and sugar yields/fed were obtained by increasing plant age at harvest from 180 up to 210 days after sowing. Klara, et al. (2017) indicated that in all trial seasons, root yield was significantly higher in the earlier drilled plots. On average, prolongation of the vegetation period in spring by 13 days increased root yield by 10.9%. Therefore, each day by which drilling is postponed represents a 0.7-0.8% loss of yield. As to sugar content, no statistically significant benefit of vegetation period prolongation by early drilling was found. Hanan and Yasin (2013) revealed that, delaying harvest date from 180 to 195 and 210 days significantly increased quality parameters, i.e. sucrose, purity and extractability percentages, as well as productivity traits (root and sugar yields) Al-Sayed, et al. (2012) found that delaying harvest date up to 210 days after sowing gave the highest root dimensions (length and diameter), root yield /fed, the best quality (sucrose%, and total soluble solids%)) and root and sugar yields compared with early harvest (at 180 days after sowing).
Sugar beet seeds sown in Egypt are imported and sugar beet varieties should be evaluated under the Egyptian conditions to select the best ones in respect to yield and quality traits. Aly (2006) found that Marathon variety had the best values of root fresh weight, as well as root and sugar yields/fed. He added that Kawimera variety was the highest one in sucrose%, extractable sugar and extractability percentages. Azzazy, et al. (2007) , El-Sheikh, et al. (2009) and Enan, et al.(2009) found that sugar beet varieties differed significantly in all studied traits except TSS%. Farida variety was significantly higher in sugar yield, sucrose, while it recorded the lowest values of impurities (Na, K and N %). Mohamed, et al. (2012) showed that the differences between the studied sugar beet varieties were significant in root and sugar yields/fed, sucrose% and α-amino N. Abd El-Aal, et al. (2010) noticed significant variations in yield productivity and root quality among the tested sugar beet varieties. Kawemira and Gloria varieties gave the highest sugar yield followed by Nejma, while Lola exhibited the lowest sugar yield. Oscar poly, Carola, Raspoly, Kawemera and Mont Bianko were more responsive to the added nitrogen fertilizer. Similarly, Hanan and Yasin (2013) indicated that the evaluated sugar beet varieties significantly differed in all studied traits. Shalaby, et al (2011) reported that sugar beet varieties studied differed significantly for all traits i.e., sucrose%, root and sugar yields (ton/fed), sodium% and potassium%. Al-Sayed, et al. (2012) found significant difference between sugar beet varieties in the studied traits, except total soluble solids %, Na content, α-amino N content and sugar lost to molasses.
The main objective of this experiment was to find out the response of some sugar beet varieties to plant age at harvest. A randomized complete block design (RCBD) was used, in a split plot arrangement and replicated three times. The main-plots were devoted for harvest ages, while the evaluated sugar beet varieties were randomly sown in the sub plots. Each sub-plot consisted of 5 rows, 7 m in length and 0.6 cm in width. The area of each sub-plot was 21 m 2 . The seeds were sown in hills of 20-cm apart on the 1 st of October in both seasons. The preceding summer crop was maize (Zea mays, L.) in both seasons. Phosphorus fertilizer was added during seed bed preparation at the rate of 30 kg P 2 O 5 /fed as calcium super-phosphate 15 % P 2 O 5 . Plants were thinned to one plant per hill at 4-leaf stage. Nitrogen fertilizer was applied as urea (46.5 % N) at the rate of 80 kg N/fed, in two equal doses; after thinning and before the next irrigation. Potassium was added with the second nitrogen dose at the rate of 50 kg K 2 O/fed as potassium sulfate (48% K 2 O). The other cultural practices for growing sugar beet were done as recommended by the Ministry of Agriculture.
MATERIALS AND METHODS

The recorded data:
The three guarded rows of each sub-plot were harvested, topped, cleaned and weighed in kg, which was thereafter converted into tons/fed to estimate root yield/fed (ton). * Sucrose percentage (Pol. %) was determined using " Saccharometer " according to the procedure outlined by Le Docte (1927). * Impurities content, i.e. α-amino-N%, Na% and K% were determined as meq /100 g beet according to A.O.A.C. Reinefeld, et al. (1974) . *Quality index (Q z ) was estimated using the following equation shown by Cooke and Scott (1993) : Q z = Sugar recovery % x 100/ pol. %. *Recoverable sugar yield/fed (ton) = root yield/fed (ton) x sugar recovery %. *Loss of sugar to molasses% (LS %) = sucrose % -recoverable sugar %. * Loss in sugar yield/fed (ton) = root yield/fed (ton) x loss sugar %.
Statistical analysis:
The recorded data were statistically analyzed according to technique of analysis of variance (ANOVA) by means of "MSTAT-C" software computer package according to the method described by Gomez and Gomez (1984) and least significant differences (LSD) test at 5% levels of probability was used to compare treatment means.
RESULTS AND DISUCSSION I. Effect of harvest age on root yield and quality parameters: Root yield/fed:
The results in Table ( 1) cleared that plant age at harvest had a significant effect on root yield/fed in the two seasons. Harvesting beets at 210 days resulted in 9.25 and 8.50 tons of roots/fed higher than those harvested earlier at age of 180 days, in the 1 st and 2 nd season, respectively. These obtained results may be due to the fact that, plants harvested at longer growth period after sowing, had the advantage to accumulated more assimilates resulted from the photosynthesis process to store more dry matter in their roots, in comparison with those harvested at younger age. These results are in line with those obtained by Yousef and Abdel-Mottaleb (2009) and Enan, et al. (2011) . Effect of harvest age on quality parameters: Data in Table ( 1) cleared that all studied quality traits were significantly affected by beet age at harvest, in both seasons. Higher preferable commercial values of quality characteristics as Pol. (sucrose%), SR% (sugar recovery%) and QZ (quality index%) were obtained in sugar beet roots harvested later at age of 210 days, which also contained lower values of Na%, K%, LS% (loss of sugar to molasses%) and AC (alkalinity coefficient), as compared with beets harvested earlier after 180 days from sowing, in the first and second season. These results are in agreement with those obtained by Cakmakci (2002); Aly (2006); Hussein, et al. (2012); Awad, et al. (2014) and Klara, et al. (2017) .
However, higher values of α-amino-N% and LS (the amount of sugar lost to molasses in ton/fed) were recorded in beets harvested at longer age.
Effect of harvest age on sugar yield parameters:
The results revealed that plant age at harvest affected significantly the studied sugar yield parameters in both seasons (Table 1) .
Harvesting sugar beets after 210 days produced 1.56 and 1.49 ton of sugar yield/fed higher than those harvested earlier at age of 180 days from sowing, in the 1 st and 2 nd seasons, successively. These findings were probably due to higher root yield and quality characteristics, in terms of sucrose and sugar recovery percentages recorded in case of delaying harvest to 210 days after sowing. However, the percentage and amount of sugar lost to molasses were higher at longer age. These results coincided with those reported by Mahmoud, et al. (2008); El-Sheikh, et al. (2009); Al-Sayed, et al. (2012) ; Hanan and Yasin (2013) and Awad, et al. (2014) . 
II. Varietal differences in yield and quality:
Variation among varieties in root yield/fed: Data in Table ( 2) indicated that the evaluated sugar beet varieties varied significantly in root yield/fed, in both seasons. Sugar beet variety Beta 398 produced the highest, while both of Amelie and Drena recorded the lowest root yield/fed, compared with the other varieties, in the 1 st and 2 nd seasons. Meanwhile, insignificant difference was found between Pyramid and Lammia varieties as well as among Kosmas, Drena and Amelie in root yield/fed, in the 1 st season. The differences among sugar beet varieties under study could be due to the genetic make-up and their response to the environmental conditions. The differences among sugar beet varieties were found by Osman, et al. Variation among varieties in quality parameters: Data in Table ( 2) revealed that the evaluated sugar beet varieties varied significantly in quality parameters, in both seasons. Favorable pol.% was recorded by sugar beet variety Drena, without significant variance with Amelie, in the 1 st and 2 nd seasons. Moreover, Drena variety attained a significant superiority over the evaluated varieties in SR% in the 1 st and 2 nd seasons. Meantime, the lowest amount of sugar lost to molasses/fed was recorded by Drena, with insignificant difference with Amelie, in both seasons. However, sugar beet variety Belino recorded the best values of LS%, in both seasons. Its root also contained the lowest Na%, α-amino-N % (equally with Lammia) and QZ% (equally with Drena), while, the lowest K% was given by Pyramide, in the 1 st season. In the 2 nd one, insignificant variance was detected between Plino variety, which had the highest QZ%, and Drena. Kosmas had the lowest AC in both seasons, without significant difference with Amelie, in the 2 nd one. Variances among sugar beet varieties were also reported by Aly (2006); El-Sheikh, et al. (2009); Shalaby, et al. (2011) and Ragab and Rashed (2016) .
Variation among varieties in sugar yield parameters:
Data in Table ( 2) showed that the evaluated sugar beet varieties varied significantly in sugar yield/fed, in both seasons. Beta 398 variety out-yielded the tested ones in the recoverable sugar yield/fed, in both seasons. Meanwhile, Steel and Blino ranked the 2 nd and 3 rd in RSY after Beta 398, successively in both seasons, without significant variance between them, in the 1 st one. Differences among beet varieties in this trait were mentioned by Azzazy, et al. (2007); El-Sheikh, et al. (2009) ; Enan, et al. (2009); Abd El-Aal, et al. (2010) ; Awad, et al. (2013-a and b) and Ragab and Rashed (2016) . III. Effect of interaction between harvest age and sugar beet varieties on root yield and quality: Effect of interaction on root yield:
Root yield was significantly influenced by the harvest date and sugar beet varieties interaction in both seasons as shown as in Table ( 3). It was found that the variance between Pyramide and Kosmas in RY was insignificant, when they were harvested at age of 180 days. Shalaby, et al. (2011); Al-Sayed, et al.(2012) ; Awad, et al. (2014) and Klara, et al . (2017) . Effect of interaction on quality parameters: Data in Table ( 3) indicated that interaction between harvest age and sugar beet varieties had a significant effect on quality parameters in both seasons. nd season. The differences among sugar beet varieties under study with harvest age could be due to the variation in the gene make-up and their response to the environmental conditions. Some of the sugar beet genotypes have been promoted as high sugar content genotypes adapted for early harvest. Large genotype differences in crown tissue production (Halvorson, et al., 1978 and Halvorson and Hartman, 1980) and development rate may cause quality differences between genotypes and thus require different harvest strategies. These results are in a harmony with those obtained by Shalaby, et al. (2011); Al-Sayed, et al. (2012) , Hussein, et al.(2012) , Hanan and Yasin(2013) and Awad, et al. (2014) .
Effect of interaction on sugar yield parameters:
Regarding the effect of interaction between harvest age and sugar beet varieties on sugar yield parameters, it was found that all traits were differed significantly in both seasons as shown in Table ( 3). It was found that the variance between Pyramide and Kosmas; Kosmas and Lammia; Amelie and Dreana in RSY was insignificant, when they were harvested at age of 180 days. However, at age of 210 days, Pyramide surpassed all of these varieties in this trait, in the1 st season. Harvested Beta 398 sugar beet variety after 210 days increased recoverable sugar yield/fed at 1.53 and 1.34 tons/fed, in the 1 st and 2 nd seasons, respectively. as well as, insignificant deferent between Belino and Amelie in LS when they were harvested at age of 180 days. However, at age of 210 days, Amelie surpassed Belino in this trait, in the 1 st and 2 nd seasons. while early harvest date 180days with Drena sugar beet variety decreased sugar lost to molasses at 0.26 and 0.25 tons/fed, in the 1 st and 2 nd seasons, respectively. These results are in the line with obtained by those Shalaby, et al. (2011 ), Al-Sayed, et al.(2012 ) , Hussein, et al.(2012 and Awad, et al. (2014) .
